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. Furthermore, MSCs can be isolated from various tissues and organs, including bone marrow, umbilical cord, adipose tissue, and thymus (8, 9) . Infants who undergo palliative cardiac surgery for tetralogy of Fallot often have the thymus removed to facilitate access to the heart. Hence, the explanted gland represents a convenient source of autologous MSCs for use during definitive correction of congenital cardiac defects.
To date, cardiac tissue engineering has been applied principally to the reconstruction of pulmonary arteries or valves, whereas problems associated with the right ventricular outflow tract (RVOT) remain an unmet clinical need. In fact, surgical correction of RVOT obstruction is reportedly associated with the development of aneurysmal or akinetic regions and an arrhythmogenic substrate (10) . These complications have long-term consequences for outcomes in patients with tetralogy of Fallot (11) .
In this paper, we report a controlled, randomized study in growing female piglets, comparing the feasibility, safety, and efficacy of RVOT reconstruction using a graft made of small intestinal submucosa-derived extracellular matrix (SIS-ECM) or the same graft engineered using porcine thymus-derived MSCs (T-MSCs). MECHANICAL TESTING. Unseeded and seeded SIS-ECM pieces were analyzed for mechanical properties using an Instron 3343B machine (Instron, Norwood, Massachusetts) with pneumatic grips and a 100-N load cell. Crosshead speed was set at 10 mm/min. Samples were measured for tensile stress at maximum load and Young's modulus using Bluehill software (Instron).
SCANNING ELECTRON MICROSCOPY. Samples were fixed, washed, and completely dehydrated as previously described (2) . Surface topography was imaged using a Quanta 200 FEI field emission scanning electron microscope (Thermo Fisher Scientific). 
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Albertario et al. Continued on the next page isolectin B4 (Iso), we observed that the seeded group developed a thicker layer than the unseeded group (C). The explanted grafts generated a fine and rich vascularization shown by isolectin B4 and alpha-smooth muscle actin (aSMA) staining. However, no differences were observed between the 2 groups in terms of capillaries and arteriole density. Scale bars, 50 mm. Dapi ¼ 4 0 ,6-diamidino-2-phenylindole; RV ¼ right ventricle. Albertario et al.
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RVOT Reconstruction Using T-MSC Engineered Grafts J U N E 2 0 1 9 : 3 6 4 -8 4 subject vs. seeded; p ¼ 0.052) ( Figure 3C) . Similarly, the proportion of right ventricular (RV) fractional area change did not differ between groups and was within clinical reference range (32% to 60%) of normal RV function ( Table 2) .
IMPLANTATION OF T-MSC-ENGINEERED GRAFTS
IMPROVES RVOT CONTRACTILITY COMPARED WITH UNSEEDED GRAFTS. Cardiac cardiac magnetic resonance assessments of RVOT motion and deformation were carried out before surgery and at termination, using unoperated adult pigs as control subjects for the latter time point ( Figure 3D ). Basal RVOT-MS values did not differ between the study groups, thus excluding a chance of imbalance that may influence outcome, and were therefore cumulated ( Table 3) . At the final measurement, unseeded animals showed reduced RVOT-MS compared with unoperated control subjects (p < 0.05), with this gap being totally abrogated in the T-MSC-seeded group (control subject vs.
unseeded; p ¼ 0.1835; control subject vs. seeded; p ¼ 0.0432; unseeded vs. seeded; p ¼ 0.0408) ( Figure 3E ).
The RVOT-MS increase observed in the seeded group was the consequence of a reduction of the systolic area, whereas diastolic area did not differ between the 2 groups ( Table 3) . 
